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Luhandjula [9] [5,6,11] . [1]
Sakawa [12] Rommelfanger $[10]$ Werners [14]
${\rm Min}$
2
(Fuzzy Linear Programming problem: FLP)
maximize $\sim c^{T}x$
(1) $(FLP)$ subject to $\tilde{A}x\leq\sim b$,
$x\geq 0$
$\overline{A}=(a\sim_{ij})$ , $\sim b=(\overline{b}_{1},\overline{b}_{2}, \cdots,\overline{b}_{m})^{T}$ , $\sim c=(c\sim_{1},c\sim_{2}, \cdots,c\sim_{n})^{T}$ ,
$i\in I=\{1,2, \cdots, m\},j\in J=\{1,2, \cdots, n\}$
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$\sim_{*j}a\cdot,bc_{j}\sim_{1},$$\sim(i\in I, j\in J)$ $\overline{c}_{j}(j\in J)$
LR type
$\pi_{\overline{c}_{f}}(r)=\{RL(\frac{c_{j^{1}}-r}{\frac{r-c_{j^{1}}\zeta_{j}}{\eta_{j}}}()$ $rr>\leq c_{j}^{1},\eta_{j}^{j}c_{j^{1}},(>0>0$
$\sim c_{j}=(c_{j}^{1}, \zeta_{i,\eta_{j}})_{LR}$ Reference function $L,$ $R$
$L,$ $R:[0, \infty$ ) $arrow[0,1]$ ; cont., strictly decreasing,
$L(0)=1,$ $R(0)=1$ $\overline{N}$ \alpha - $[n_{L}^{\alpha}, n_{U}^{\alpha}]$ $\tilde{N}$
$N$ $\pi_{\tilde{N}}=I_{\{N\}}$ ( $I_{A}$ $A$ )
$\sim c_{j}$ $c_{j^{I}}$ LR type $\sim c_{j}=(c_{j^{1}},0,0)_{LR}$
LR type
Reference function $L,$ $R$
1 Reference function $j$
1. $f(x_{0})=0$ $x_{0}\in(0, +\infty$]
2. $x\geq x_{0}$ $f(x)=0$







$A^{\alpha}=(a_{1jL}^{\alpha})\in R^{mxn}$ , $b^{\alpha}=(b_{1U}^{\alpha}, \cdots,b_{mU}^{\alpha})^{T}$
2 [4,5,6,11] $X_{VWF}(\alpha)$
Prade, Dobois 1
3 $\beta$ $FLP$ L-
$c_{L}^{\beta T}x$ , $c_{U}^{\beta T}x$








subject to $x\in X(\alpha)$
maximize $c_{L}^{\beta T}x$
(3) $(PLP_{L}-(\alpha, \beta))$
subject to $x\in X(\alpha)$
maximize $c_{U}^{\beta T}x$
(4) $(PLP_{U}-(\alpha, \beta))$
subject to $x\in X(\alpha)$
$\beta=1$ 3 PLP $\alpha=\beta=1$






(5) $\mathcal{B}(\alpha)=$ {$\beta\in(0,1]|(3),$ (4) $x^{*}(\alpha)$ }
4 $\alpha\in(0,1$ ] $\mathcal{B}(\alpha)\ni 1$ $\alpha\in(0,1$ ] $\mathcal{B}(\alpha)\neq\emptyset$
$\beta\in \mathcal{B}(\alpha)$ (2),(3) $,(4)$ $x^{*}(\alpha)$







$\beta_{0}(\alpha)=\inf \mathcal{B}(\alpha)$ $Z(\alpha, 0)=R$
$\circ$
6 4 \alpha \in $(0, 1$ ] $Z(\alpha, \beta)\neq\emptyset$ $\beta\in(0, 1$ ]
$\beta,$ $\beta’\in \mathcal{B}(\alpha),$ $\beta’<\beta$ $Z(\alpha, \beta)\subset Z(\alpha, \beta’)$
7 $FLP$ \alpha - $x^{*}(\alpha)$ \alpha 1 $\tilde{Z}(\alpha)$ $\beta-$ $Z(\alpha,\beta)$





1 $FLP$ $\alpha$ $x^{*}(\alpha)$ \alpha 1 $\tilde{Z}(\alpha)$
(8) $\pi_{\overline{Z}(\alpha)}(z)=$ $\sup$ $\beta I_{Z(\alpha,\beta)}(z)$ for all $z\in R$
$\beta\in \mathcal{B}(\alpha)$
( )
$z\in R$ $\beta_{0}(\alpha)\neq 0$
$\pi_{\overline{Z}(\alpha)}(z)$ $=$ $\sup\beta I_{Z(\alpha,\beta)}(z)$
$\beta\in(0,1]$
$=$ $\max\{_{\beta}\sup_{\in B(\alpha)}\beta I_{Z(\alpha,\beta)}(z),\sup_{\in\beta(0,1]\backslash \mathcal{B}(\alpha)}\beta I_{Z(\alpha,\beta)}(z)\}$
$=$ $\max\{\sup_{\beta\epsilon B(\alpha)}\beta I_{Z(\alpha,\beta)}(z),\beta_{0}(\alpha)\}$
$=$
$\beta\in B(\alpha)\sup\beta I_{Z(\alpha,\beta)}(z)$




2 $\alpha\in(0,1$ ] $B^{\alpha}$ $x^{*}(\alpha)$ $B^{\alpha}$ $m$
rank $B^{\alpha}=m$
$I’=I\cup\{m+1, \cdots, m+n\}$ $j$
$x_{j}\geq 0\Leftrightarrow a_{m+j,L^{X}}^{\alpha}\leq b_{m+j,U}^{\alpha}$, $j\in J,$ $\alpha\in(0,1$ ]









$c^{1}\in C\{a_{iL}^{\alpha T}|i\in I(x^{*}(\alpha))\}$
$c^{1}=$ $\sum$ $r_{i}a^{\alpha_{L}T}$ , $r;\geq 0$ for all $i\in I(x^{*}(\alpha))$
$t\in I(X(\alpha))$
$\{r_{i}\}_{t\in I(X(\alpha))}$ $i\not\in I(x^{*}(\alpha))$ $r;=0$
$-c^{1}+ \sum_{1=1}^{m}r;a^{\alpha T}=0|L$’
$r:(a^{\alpha_{L}}x^{*}(\alpha)-b_{i})=0$ for all $i=1,2,$ $\cdots,$ $n$
$r_{i}\geq 0$ for all $i=1,2,$ $\cdots,$ $n$
$a_{iL}^{\alpha}x^{*}(\alpha)\leq b_{i}$ for $aUi=1,2,$ $\cdots,$ $n$
Kuhn-Tucker $x^{*}(\alpha)$ $x^{*}(\alpha)$
$PLP-\alpha$




8 $\alpha(0<\alpha\leq 1)$ $MLP$ $PLP-\alpha$ $x_{0},$ $x^{*}(\alpha)$
$\alpha$ $MLP$
(9) $c^{1}\in C\{a^{\alpha_{L}T}|i\in I(x_{0})\}$
$I(x_{0})=\{i\in I’|a!x_{0}*=b_{i}^{1}\}$, $a!=(a_{j}^{1_{1}}, \cdots,a_{in}^{1})$
9 $MLP$ $\alpha$ $PLP-\alpha$ $x^{*}(\alpha)$ $MLP$ $x_{0}$
$\alpha(0<\alpha\leq 1)$ MLP
1 $MLP$ $x_{0},$ $I(x_{0})=\{1, \cdots, p\}$ $0<\alpha\leq 1$
(10) $D^{\alpha}=(a_{1L}^{\alpha T}$ , $a_{2L}^{\alpha T}$ , $\cdot$ .., $a_{pL}^{\alpha T})\in R^{nxp}$
mlnimlze $(u-v)^{T}c^{1}$
(11) $(JLP)$
subject to $(u-v)^{T}D^{\alpha}\geq 0$ , $ss\geq 0$ , $v\geq 0$
222
(Judgement Linear Programmng problem: $JLP$ )
$\alpha$ $MLP$ $JLP$
( )
[ ] JLP $y=u-v$
$y^{T}c^{1}<0$ , $y^{T}D^{\alpha}\geq 0$
$y$ Farkas’ lemma [2]
$D^{\alpha}r=c^{1}$ , $r\geq 0$
$r$
$c^{1}\in C\{a_{1L}^{\alpha T}, \cdots, a_{pL}^{\alpha T}\}$
[ ] $\square$
$\alpha\in(0,1$] MLP




subject to $x\in X(\alpha)=\{x\geq 0|A^{\alpha}x\leq b^{\alpha}\}$
maximize $\overline{c}^{1T}\overline{x}=c^{1T}x+0^{T}\lambda$
(13) subject to $\overline{A}^{\alpha}\overline{x}=b^{\alpha},\overline{A}^{\alpha}=(A^{\alpha}|E^{m})\in R^{mx(n+m)}$
$\overline{x}^{T}=(x^{T}|\lambda^{T})\geq 0$
$\overline{A}^{\alpha}$










3 $\Gamma(\alpha)=G-(N^{\alpha})^{T}\{(B^{\alpha})^{T}\}^{-1}H\in R^{nX(m+\iota)}$ $\overline{c}_{L}^{\beta},\overline{c}_{U}^{\beta}$ $\overline{c}^{1}$
$\Gamma(\alpha)\overline{c}_{L}^{\beta}\leq 0\Leftrightarrow x^{*}(\alpha)B\grave{\grave{a}}PLP_{L}-(\alpha, \beta)$ $\ovalbox{\tt\small REJECT}_{L}R\mathfrak{g}\not\in$
$\Gamma(\alpha)\overline{c}_{U}^{\beta}\leq 0\Leftrightarrow x^{*}(\alpha)B\grave{\grave{\backslash }}PLP_{U}-(\alpha, \beta)$ $\mathfrak{X}i\S$
$\mathcal{B}(\alpha)=\{\beta\in(0,1]|\Gamma(\alpha)\overline{c}_{L}^{\beta}\leq 0, \Gamma(\alpha)\overline{c}_{U}^{\beta}\leq 0\}$ .
4
4 $\beta\in \mathcal{B}(\alpha)$ $\beta’(\beta<\beta’\leq 1)$ $\beta’\in \mathcal{B}(\alpha)$ $\circ$
( )
$\Gamma(\alpha)\overline{c}_{L’}^{\beta}\leq 0$
$\overline{c}_{L}^{\beta}=(\overline{c}_{1L}^{\beta}, \cdots,\overline{c}_{m+n,L}^{\beta})^{T}=\overline{c}^{1}-\overline{\zeta}L^{-1}(\beta)$, $\overline{\zeta}=(\overline{\zeta}_{I}, \cdots,\overline{\zeta}_{m+n})^{T}$
$\Gamma(\alpha)=(\gamma(\alpha)_{ij})$ $r(\alpha)\overline{c}_{L}^{\beta}$ $i$ $\sum_{j}^{m_{=}+_{1}n}\gamma(\alpha)_{ij}\overline{c}_{j}^{\beta_{L}}$
$\sum^{m+n}\gamma(\alpha)_{ij}\overline{c}_{jL}^{\beta}=\sum^{m+n}\gamma(\alpha)_{ij}\overline{c}_{j^{1}}-L^{-1}(\beta)\sum^{m+n}\overline{\zeta}_{j}\gamma(\alpha):j$
$j=1$ $j=1$ $j=1$
$\sum_{j=^{+_{1}n}}^{m}\gamma(\alpha)_{ij}\overline{c}_{j}^{1}$ $\sum_{j=^{+_{1}n}}^{m}\overline{\zeta}_{j}\gamma(\alpha)_{ij}$ $K_{i1},$ $K_{i2}$
$\sum_{j=1}^{m+n}\gamma(\alpha):_{J^{\overline{c}_{jL}^{\beta}}}=K_{i1}-L^{-1}(\beta)K_{i2}$
$L$ $L^{-1}$ $[0,1]$ $\beta’(\beta<\beta’\leq 1)$
i) $K_{*2}\geq 0$ $K_{11}-L^{-1}(\beta’)K_{12}\leq K_{:1}-L^{-1}(1)K_{i2}\leq 0$
ii) $K_{i2}<0$ $K_{iI}-L^{-1}(\beta’)K_{i2}\leq K_{i1}-L^{-1}(\beta)K_{i2}\leq 0$
$\square$
2 $\alpha$ $MLP$ $FLP$ \alpha - $x^{*}(\alpha)$ \alpha -




$Z_{L}=(-\infty, c^{1T}x^{*}(\alpha)]\cap Z(\alpha, \beta_{0}(\alpha))$,
$Z_{U}=Z(\alpha, \beta_{0}(\alpha))\cap[c^{1T}x^{*}(\alpha),$ $+\infty$ ),
$\zeta=((1,$ $\cdots,$ $(n)^{T},$ $\eta=(\eta_{1}, \cdots, \eta_{n})^{T}$
( )
$x^{*}(\alpha)=$ $0$ $z$ $=0$ 1 $x^{*}(\alpha)$ $=$
$(x_{1}^{*}(\alpha), \cdots, x_{n}^{*}(\alpha))^{T}\geq 0,$ $x^{*}(\alpha)\neq 0$
$z\in Z_{L}$
$z\in Z_{L}\subset Z(\alpha, \beta_{0}(\alpha))$ $c_{L}^{\beta T}x^{*}(\alpha)$ $\beta$
$z=c_{L}^{\beta T}x^{*}( \alpha)=\sum_{j=1}^{n}c_{j}^{1}x_{j}^{*}(\alpha)-L^{-1}(\beta)\sum_{j=1}^{n}\zeta_{j}x_{j}^{*}(\alpha)$
$L( \frac{c^{1}x^{*}(\alpha)-z}{\zeta^{T}x^{*}(\alpha)})=\beta$
$\beta=\overline{\beta}$ 1 $\overline{\beta}<\beta\leq 1$
$z\not\in Z(\alpha, \beta)$, $\beta I_{Z(\alpha,\beta)}(z)=0$
$\overline{\beta}\geq\beta\geq\beta_{0}(\alpha)$
$z\in Z(\alpha, \beta)$ , $\beta I_{Z(\alpha,\beta)}(z)=\beta$
$z\in Z_{L}$





\alpha - $x^{*}(\alpha)$ \alpha - $\overline{Z}(\alpha)$ (Fuzzy





(14) (FMOLP) maximize $\overline{c}_{l}^{T}x$
subject to $\overline{A}x\leq\sim b$ ,
$x\geq 0$
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$\overline{A}=(\sim_{1j}a)$ , $\sim\sim_{1},\sim_{2},\cdots,\sim_{m}b=(bbb)^{T}$ , $\overline{c}_{k}=(c\sim_{k1},c\sim_{k2}, \cdots,c\sim_{kn})^{T}$ ,
$i\in I=\{1,2, \cdots, m\},j\in J=\{1,2, \cdots, n\}$,
$k\in K=\{1,2, \cdots, l\}$
$\sim_{ij}a,b\overline{c}_{kj}\sim_{i},(i\in I, j\in J, k\in K)$
$\sim_{kj}c(j\in J, k\in K)$ LR type
$\pi_{c}^{\sim_{kg}}(r)=\{R^{k_{k}}L(\frac{c_{kj}^{1}-r}{\frac{r-c_{kj}^{1}\zeta_{kj}}{\eta_{kj}}}()$ $r>c_{kj}^{1},\eta_{kj}^{kj}r\leq c_{kj}^{1},\zeta>0>0$




$(FMOLP_{k})$ subject to $\tilde{A}x\leq\sim b$,
$x\geq 0$
$FMOLP_{k},$ $k\in K$ $JLP_{k}$
minimize $(u-v)^{T}c^{1}$
$(JLP_{k})$




subject to $x\in X(1)$
$\alpha$ $\alpha=1$
5.2
$FMOLP_{k}$ \alpha - $x_{k}^{*}(\alpha)$ $\alpha$ - $x_{k}^{*}(\alpha)$ \alpha - $\overline{Z}_{k}(\alpha)$
$(\overline{Z}_{1}(\alpha),\overline{Z}_{2}(\alpha),$ $\cdots,\tilde{Z}_{l}(\alpha))$ (14) $\alpha$
minimize $\lambda$











$d_{1}^{k},$ $d_{2}^{k},$ $d_{3}^{k}\geq 0$ mean, spread, spread
FMOLP-a
minimize $\lambda$ ,
subject to $w_{k}d_{1}^{k}(c_{k}^{1T}x_{k}^{*}(\alpha)-c_{k}^{1T}x)\leq\lambda_{k1}$ ,
$-w_{k}d_{1}^{k}(c_{k}^{1T}x_{k}^{*}(\alpha)-c_{k}^{1T}x)\leq\lambda_{k1}$ ,
$w_{k}d_{2}^{k}(\zeta_{k}^{T}x_{k}^{*}(\alpha)-\zeta_{k}^{T}x)\leq\lambda_{k2}$,




$k\in K,$ $x\in X(\alpha)$ .
$x^{*}(\alpha)$
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